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ABSTRACT ...
This reportdocumentsdata obtainedin wind tunnel test 0A148.
The objectiv_s-oL.the-test.serieswere to:
l) obtainpressuredistributions,forcesand momentsover the vehicle
50rbite_ in the terminalarea energymanagement(TAEM)and approachphases
of flight.
2) obtainelevonand rudderhinge momentsin the TAEIIand approach
phasesof Flight.
3) obtainbody flap and elevonloads for verificationof loads
balancingwitn integratedpressuredistributions.
4) obtainpressure6istribuCAonsnear the short OMS pokdsin the high L
subsonic,transonicand low supersonicMach number regimes.
Testingwas conductedover a Mach numberrange from 0.6 to 1.4 with
Reynoldsnumbervariationsfrom 4.57 x I06 to 2.74 x lO6 per foot. Model
angle-of-attackwas variedfrom -4 to 16 degreesand angles of side slip
ranged from -8 to 8 degrees.
iii
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NOMENCLATURE
Plot
S.ymbol Sm.._l Definition
Ab AB totalOrbiterbase area, ft2 i
A_. AI area over whlch PI acts
Asb ASB speed brake base area, ftz
b BREF, BW Orbiterwing span_ in
6v BV-_- verticaltall referencespan, in
CAu CAU Orbiteruncorrectedaxial force coefficient
CA CA Orbiteraxial force coefficientwith sting
cavityadjustedto averagebase pressure
CAF CAF Orbiterforebodyaxial force coefficient.
CAsc CASC Orbitersting cavitjaxial force coefficient.
CDu CDU Orbiteruncorrecteddrag coefficient
Chbf CHBF body flap hinge moment coefficient,about
hinge line Xo = 1532.0
Chei CHEI inner elevonhinge moment coefficient,about
hinge line-Xo = 1387.0
Che° CHEO outer elevonhinge moment coefficient,abouthinge line Xo = 1387.0 i
CHeToT CHETOT total rlght_levon hingemoment coefficient j
CLu CLU Orbiteruncorrectedlift coefficient
C¢ CBL Orbiterrollingmomentcoefficient,body
axis system
00000001-TSA09
I: NOMENCLATURE(Continued)
Plot
5Y.mbol_ _ Definition
Cm CLM Orbiterpitchingmomentcoefficientwith
sting cavityadjustedto averagebase pressure,
referencedto OrbiterMRC.
Cmu CLMU Orbiteruncorrectedpitchingmomentcoefficient
CmF CLMF Orbi-t-erforebodypitchingmomentcoefficientreferencedto orbiterMRC.
Cmsc CLMSC Orbitersting cavitypitchingmomentcoefficient,refer ncedto Orb erMRC
CNu CNU Orbiteruncorrectednormalforce coefficientb
_" CN CN Orbiternormalforce coefficientwith sting
cavityadjustedto averageb_se pressure
' " CNF CNF Orbiterforebodynormal force coefficient
CNsc CNSC Orbitersting cavitynormal force coefficient
Cn CYN Orbiteryawing moment coefficient,body axis system
'_ Cpi CPi surfacetap pressurecoefficient,port i,
(Pi- P_)/q
k;
_. Cy CY Orbiter side "orce coefficient
C[x][y] C[X][Y] base area forceand momentcoefficients.Fhe first subscript(post fix) designatesthe
type of coefficient,the secondthe pressure
tap and it'sas._ociatedarea. The symbolic
vectors[X] and [Y] are definedbelow.
Ix]:
A A axial force
N N normalforce
- Y Y side force
m LM pitchingmoment
n YN yaw|ng moment
BL rolIingmoment lJ
G
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' NOMENCLATURE(Continued)
Plot
S_mbol Definition
[Y]___-
6
1,2,3 1,2,3 areas associated with pressure taps
4,5,6 4,5,6 1 chrough 6 see figure 2b
sc- SC sting cavity area
bf BF upJ_Jc_bodyflap area
1b LB Orbiter reference body length, IML nose
to Xo = 1528.3, in.
£REF LREF longitudinal reference length, Orbiter mean
._ aerodynamic chord, in
LU/DU uncorrected lift to drag ratio, CLU/CDU
:!
M MACH freestreamMach number
• _ PHI angularcylindricalcoordinateposition
around Orbiterbody - deg. ,!
Pi Pi pressureat surfacetap i, PSF
P® P freestreamstatic pressure,PSF
"+: Pt PT freestreamtotal pressure,PSF
q Q freestreamdynamicpressure,.PSF
RN/L unit-Reynoldsnumber,-mLL1,.i_erfoot
S SREF wing referencearea, ft2
#q
Tt TTR freestreamtotal temperature,°R
Xcp XCP/L centerof pressurelocationreferredto Ib
Xo/Lo X/LB longitudinallocationof body surface,
fractionof body length
_ _ 7
+ ,++.= +_ +o+o_...... o o ..... + _ .+O°oo _ _+L-_+"o_+''+......... ; _........
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!NOMENCLATURE(Concluded)
Plot
X/C X/CW chordwiselocationon wing surface,
fractionof ]ocal chord
X/Cv X/CV chordwiselocationon verticaltail,
fractionof localcheH_et
nv Z/BV spanwiselocationon verticaltail,
fracti.onof verticaltall span
n 2Y/BW spanwiselocationon wing, fraction
of semi span
Xmrp XMRP longitudinalloc_tionof moment referencepoint
XT XT longitudinalmoment transferdistancefrom
Orbiterbalancecenterto OrbiterMRC, in
Ymrp YMRP laterallocationof moment referencepoint
ZT ZT verticalmoment transferdistancefrom
Orbiterbalancecenterto OrbiterMRC, in
ALPHA angle of attack,degrees
B BETA angle of sideslip,degrees
6bf BDFLAP body flap deflection,degrees
ELVN-L, left elevondeflection,degrees6eL L-ELVN
ELVN-R, right elevondeflection,degrees
6eR R-ELVN
6r RUDDER rudderdeflection,degrees
_sb SPDBRK speed brake deflection,degrees
Zmrp ZMRP verticallocationof moment referencepoint
$$ mask characterused to indicateall
"- possiblevalues for this test Ol through85
• ,f _.:-.,.-." . ....." ....i,-......• ":
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_'-=_ REMARKS
During the courseof the t_st it was necessaryto replumbthe scani-
valves. The resultanttime los_necessitateddelotlngthe priority4 runs
which incorporatedthe use of the metric verticaltail.
l
Data obtainedfrom pressuretaps II_4,296 and 347 a,'esuspectdue to
slow leaks noticedwhile leakcheckingindividualmodel pressuretaps. I
Body flap hingemoment data for dataseCs-RE8001throughRE8005have
a -15%dri-f_twhiledatasetsRE8006and RE8007have a +10%driftdue to data
'. !
recordingsystemerrors. Sy_.temchecksduringthe remainderof the test i
1
indicatea systemerror of less than4% for body flap hingemoment data.
Rollingmoment data has an approximate-.003 bias in the coefficient.
The reasonfor this was not determined,but possiblesourcesare fabrication
tolerancesand/or differentialstiffnessof the left and right elevon
panels.
_.
)_ Distortionof the instrumentedelevonshaft appearsto have occurred
-li around run 310 due to model assemblydifficultiesand the maximumloads en-
0
counteredat these test conditions. A comparisonof measuredelevon de-
=II) flectionbeforeand-afterthe test with the nominalsettingis presented
below:
ElevonPanel Nominal Pre-Test Post-Test
-lO -9° 36' -8° 55' :
_" -4 -3° 4' -2 ° '
Inboardright _ 0 +0° lO' +l° 02'
%. 4 +4° 26' +4° 28'lO +10032' +I0°39'
I,
Outboardright _ "0 +0° 10' +I° 05'
+4° 26' +3o 5g'
0 +I0°32' +lO°I8'
_'I * Inboardonly was measuredbut was the sameas outboardpanel(seeRef 2)
b_
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"- CONFIGURATIONI VESTIGATED
• The RockwellInternationalm_del 47_0 Space ShuttleOrbiterVehicle
w,_';uLilizedin this teqt series. The rood()|was ori_iniallyconstructed
Lo -140A/Blines,but was modifiedprior to this test wit_ the addi_ion
I
of the -140C OMS pods, six inch bevelledinterpanelelevon gaps and un-
coveredRCS forwardthrustorparts. To denote these additions,the addi-
tionaldesignations"C" (for-140G OMS pods) and "R" (for RCS thrustors)
were added,and the slashesdeletedfor convenienceon Table II(designated
"-140ABCR").
In data sets RE806g to 085 the R(:Sthrustorports in the nose wer(
filledrevertingthe configurationto -140A/B/Cmodifiedwith t,, B26.
Th_ followingnomenclaturedenotesthe model cc_'_ '_.._:
Component Description
B26 140A/Bfuselage(VL70-OOOI4OA,VL7000014OB)
B70 140A/Bfuselage(VL70-OOOI4OA,VL70-000145,VL70-OOOI4OB,
VL70-OOOI43A,VL70-000139)with RCS thrustorparts (VL/O-
l)B501,VLZO-08502,VL70-08296)
C9 140A/Bbasic canopy (VL70-OOOI4OA,VL70-OOOI43A)
E44 140A/Belevons (VL70-O00200,VL70-OO608g,VL70-OO6092)
with six inch bevelledinterpanelgaps,no flipperdoor
F9 140A/Bbody flap (VL70-OOOI4OB,VL70-O0020O)
MI6 u_S-RCSpods for 140C Orbiter
N28 OMS basic nozzles
- R5 basic Orbiterrudder (VLiO-OOOI46A,VL/O-O00095)
V8 basic Orbiterverticalcall (VLTO-OOC.!4OA,VL70-OOOI46A)
Wll6 basic 140A/Bwing (VL70-OOOI40B,VL70-O00200) J
m
lO
00000001-TSA14
! t
tl
CONF_GURATI ONSI_tV.ESTIGAT-ED--(Concluded)
Designated configurations are:
-140ABCR; BTO C9 E44 F9M]6 N28 R5 V8 WI]6
-140A$C ; B26 Cg E44 E9 Mt6_N2B_V 8 W116 i
• I
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TEST FACILITY
The Ames Research-_ Unitary Plan 11- by 11-Foot _ransonicWind.
Tunnel is ¢ clos_-ircu_, alr-medium,variable-densi_facilltycapabl_
of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbersfrom 1.7 x
106/it to-9.4 x 106/it . The test section is 22 feet long, and models:are
installed on internal strain-gauge balances mounted to sting-type support
systems.
Shadowgraphand Schlierenphotographicequipmentisavailable,and
d
pressuretransducerInstrumentatlon...ts..provlded. _ I
Tunneloperating,temperatureis 580°R. Extendedhigh Reynoldsnumber
runs _re restricted_y power ava.ilability.
................... j
" _ ' ............. _ - _..... " " _- 00"O0 O001'TSB02_ -
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DATA REDUCTION
'-< StandardNASA/Amesdata.reducld_onequationswere used to reduce
forces,moments,and pressuresto coefficient,form. Orbitermain balance
.._. force and moment coefficientswere computedusing the followinF_equations_
Symbol Orbitermaln baJ_ncemeasurement-
NF No_malForce-
AF Axial Force
PM PitchlngMoment
Y_I. YawingMoment ,
SF S._deFot'.ce
RM Rolling Moment
CAu= AF / (q S) CLu = ¢Nu cos c_-CAu_SJ.n
6Nu--__NF/ (q..S) CDu= CNusin =+CAu cos
Cy = SF / (q S)
PM CA " ZT CN " XT
Cmu = qTc + c c
Cy • ZT MomentTransferDistances
qSb b
X_ : 0:572 i_.
YM Cy • XT YT = O
Cn = qTb b ZT : 0.450 in.
The Moment ReferenceCenteraboutwhich the data was reducedis
locatedat
Orbiter (FullScale)
Xo 1076.68
Yo 0
,__. Zo 375.00
_' Balancecoefficientswere groupedinto datasetsRE8055.
.: 13
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|DATAREDUCTION(COntinued)
Hinge momentsand hinge momentcoefficients were computedusing the
fol lowing equations:
Elevonhinge moments(inboardand outboard).
HXel --(HMI-HM2)_ + HMI
HMeo = (HM3-HM4) (M3/D3) + HM3
_ where
HMi = measuredmomenton strain gage i
i)l. = distance between gages 1 and,2, .49335 in.
D3 = distance between gages.3 and 4• _45800 in.
"T..
M1 = momenttransfer distance for inboard elevon• .93825 tn.
M3 = moment-transfer distance for outboard elevon, .922_0 in.
Elevon hinge momentcoeffi'cients
Inboard_ CHeI = l_e I / (q-_e Ce)
' Outboard• C_O = %0 / (q se ce)
Total = +
• CHeToT CHeI CHeo m
Se = elevon reference area, 0.189 ft: 2
ce = e_evon reference MAC, 2.721 tn.-
Body flap hinge momentcoefficient
CHbf = HMbf / (q Sbf Cbf)
-_'" HMbf = hleasuredbody flap hinge momentj;
Sbf = body flap referencearea, 0.12834ft.P
O0000001-TSB04
iDATAREDUCTION(Continued_)
ij Cbf -- body flap referenceMAC_ 2.541 in.Hi._e moment coefftcten_ts ar part of datasets RESX$$.
:i Pressurecoefficientsfor all model orificepressuremeasurements ,were .computed using this equation:_
iil CPi = (Pi " P®)/q
_ where Pi = pressureat model,or._flcs-i
;,.: P® = tunnelstaticpressure
:.2r.
,, q = tunneldynamicpressure
Other data reduction constants include:
: S-_--wing referencearea, 2.4210.ft.z
c = wing referencechord, 14.-'2443in. i
b = wing reference span, 28.1004 in.
After the data had been reducedto coefficiengform hy NASAIAMES,DMS
interpolatedit to nominal_s and B's. Then 2 types of base and sbing
cavityarea coefficientswere calculate/. Whe.,-theya_e applied3 types
of balancecoefficientdata exists. Thcs_-can.be distinguished,by the
lastsubscriptCsymbolicname) or postfix (mnemonicname). The ke_.is
L
: given below.
!, U - uncorrectedeoeff-iei_s.
- coefficientswith sting'cavltypressurecorrectedto.
base pressure(without.a s_fflx).
F - forebodycoefficientswith"the base area pressure
correctedto freestreampressure.
15
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DATA REDUCTION{Continued)
Only the correctioncoefficientsassociatedwi-tJ_-l_pressuretapes 1
through4 were appliedto the longitudinalorbitercoefficients.
Figure2b illustrates_he base a__oclated with eaoh pressure i
tap. Alphabetic-charactersbf a4_clsc designatebody flapand sting cavity
areas,respectively. Base area coefficientnames have a numericcharacter
which designates,the p_.essuretap number..Base coefflde_ts for vertical
tail _eas 5 and 6 were calculatedbut not'appliedto the total orbiter
coefficients. Base area coefficientvaluesare tabulatedin the appendix'_
A detailed'derivationof-thesecoefficieetsfollows. It'Is concludedby
a matrixof 6asearea geometricproperties.
The-_rbitersting cavity forceand momentcoefficientswere computed
as:
CAsc = (CP2 " Cpl) AlS
(Cp2 " %1)" Al tan 12.55°
CNsc = S
Z _ Xsc
Cmsc = CAsc-E-- CNsc--E-
The orbiter foree and momentcoefficients corrected fop the differ-
ence between balance cavity pressure and orbiter base pressure:
/
CA = CAu - CAsc,
CN = "CNsc
Cm = Cmu - Cmsc
These orbiter_oefficientsare part of datasetsKE8055.
16 4 _
r
I
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DATA REDUCTION(Continued)
Orbiterbase force and momentcoefficientswere calculatedas follows:
Upper base area
CN2u = -(Cp2 A2u tan 16°)/S
CA2u = -(Cp2 A2u)/S
Cm2u - CA2u Z2u CN2u X2uC C
Lower base area
CN2_ = -(Cp2 A2_ tan lO°)/S
, CA2_ = -(Cp2A2_)/S
Z2_ _ X2_
Cm2_ = CA2__ CN2_ c
Total base area, A2
.I
CN2 = CN2u + CN2_
' CA2 = CA2u + CA2_ I
•. i
+C
Cm2 = Cm2u j__, m2
• OMS pod base area, A3 ' '
(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)
CA3 = -(Cp3 A3)/S
Z3
Cm3 = CA3 -c-
OMS pod base ar(:a,A4
(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)
00000001-TSB07
t. DATAREDUCTION(Continued) ._
•
CA4 = -(Cp4 A4)/S 'i
Cm4 = CA4 --
Coefficientsfor the above areas are groupedinto datasetsEE8D$$.
Upper surfaceof body flap
!
=-Cpbf Abf sin (dbf + 6.88°)!_ CAbf S
li -Cpbf Abf :
CNbf - S cos (dbf+ 6.88°)
CAbf Zbf CNbf Xbf
• Cmbf = ----c - c
where:
: Cp200 + Cp201 + Cp204+ %205
Cpbf : 4
The orbiter force and moment coefficients adjusted to free stream
pressure(forebodycoefficients).
". CAF = CAu " i = 2
CNF = CNu - CN2 + CNbf _:
4 _( ) ,CmF = Cmu- ]E_ + Cmbf
_ i = 2 Cml ,_
These orbitercoefficientsare part of datasetsKE8055. iVertical tail "undercarriage" ar a, A5
'i
Top Segment: i!CN5t = (Cp5 A5t tan 63.75°)/S
11; .!
!
,:!
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;, DATAREDUCTION(Continued)
CA5t -. (Cp5ASt)/S
zstCm5t= CA5t-_-" CN5t c
4
Mtddle Segment:
CN5m= (Cp5A5mtan 26.1426°)/S
CA5m=. (Cp5ASm)/S
Cm5m= CA5mZ5--_mc" CN5mXcS_m
BottomSegment:
CN5b= (Cp5A5btan 21,94°)/S
CA5b = . (Cp5A5b)/S
_Sb=CAsbzsb-CNSbxsbC C
Total area, A5:
, CN5 = CN5t + CN5m+ CN5b
CA5 = CA5t + CA5m+ CA5b
CH5 = Cm5t + Cm5m+ Cm5b
Vertical Tail base area, A6: !
Segmentaboverudder
CN6u = (Cp6A6u tan 63.75°)/S
CA6u = (Cp6A6u)/S
_ Z6u . X6u
Cm6u= CASu-_- CN6u
'I 19
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DATA REDUCTION(Continued)
• Rudder/Speed brake base:|
CA6_ = Cp6 A6__ [sin (e-55.1667 °) cos 55.1667"
m
+ cos (e -55.1667 ° ) sin 55.1667° cos (6r)]/S
CN6g= Cp6 A6 [sin (e - 55.1667 ° ) sin 55.1667"
- cos (e-55.1667°) cos 55.1667° cos (_r)]/S
Cy6_ = Cp6 A6-_ cos (e -55.1667°) sin ar/S
ii. Cm6_= [CA6_ (Z6_) - CN6 (X6_)]/c
_i_ C_6¢ = ICy6t (Z6_)]/b
_ Cn6_ = -ICY6 (X6_)]/b
-
B = tan'l[5"4567gI+ "573209cos (6S-__I
3.797715- .823715cos
A6_ = A6_/stn e !
, Total area, A6: )
CA6 = CA6u + CA6_
CN6 = CN6u + CN6g
, CY6 = CY6_.
Cm6 = Cm6u + Cm6_
C_6 = C_6_
Cn6 = Cn6_
Verticaltail area coefficientdata are groupedinto datasetsGE8D$$.
• v' .
'iili!.. .
•" _;t. _. ,,
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_t DATAREDUCTZON(Continued)
O0000001-TSB11
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DATA REDUCTION (Continued) ;i!
a_sb A6_ ft:' ,
0 0.0066036
25 0.0456000
35 0.0621000
55 G.0950800
85 0.1551400
X6t = 15.045 + 1.442277 [l-cos (asb/2)]
Z6_ = 9.755 + 0.501827 If-cos (6sb/2)]
Standard DMS loads cycle test procedures were used to process the
0A148 pressure data. First numerous pressure distribution plots were
released. Analysis of these produced bad pressure data list. This list
is reproduced below:
.f
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DATAREDUCTION(Continued)
0A148 Bad Pressure Data
Oataset Tap
Component No. No_.=. s Q
,i
.,_. Fuselage 1 143 4 -4
: (B) I 148 4 -4
1 150 4 -4
_' 1 _52 4 -4
:_. 1 186 4 -4
I.!, 1 187 4 -4
1 189 4 -4
, 1 191 4 -4
i 1 193 4 -4
" Lower Wing 1 -_ 7 231 ALL ALL
• (L) 1 -_ 85 290 ALL ALL
1 316 4 -4
1 317 4 -4
1 337 4 -4
lii 1 338 4 -4
1 358 4 -4
U:" 1 378 4 "4
_t!-_ 1 379 4 -4
1 398 4 -4
Upper Wing 1 -_ 7 247 ALL ALL
(U) 1 357 4 -4
Body Flap (F) 24 205 -4 12
Speed Brake (K) I _ 85 822 ALL ALL
VertlcalTai1 8 443 ALL ALL
(V) ALL 1444 ALL ALL
79 1453 -4 -4
: 79 1454 -4 -4
• ; Note: Wlnd tunnelpressuredata t{'bulatedIn the appendix
have the originalbad data values.
iv
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DATA REDUCTION(Continued)
Tl;_s,_polnt_ were eliminated frum furthe_ p_'ucu_tny. The remalrll_ag dat.
were interpolated to nominal alpha and beta values. Processing was cam- |
pletedwith the releaseof a magnetictape conLalnlngthe flnal interpo- !
tared pressurecoefficients.
Thls reportcontainsplots and tabularlistlngsfor both force and
pressuredata. Plottedforce data illustrateslateral-dlrectional,1ongl-
tudinaland hinge momentcharacteristicsof the configurationtested.
Plottedpressuredata i11ustratesthe effectof severalcontroldeflec-
tions and attitudechangeson local pressuredistributions.The multiple
volumeappendixcontainsa tabulatedlistingof the basic forceand pres-
sure data. Listingof the interpolatedbase area coefficientsis also
included. The plottedand tabulateddata are arrangedin the following
manner:
VOLUME
NO. CONTENTS
l Force data plots showinglateral-directional
longitudinaland hinge moment characteristics.
2 Plo_s illustratingthe effect of controlsurface
deflectionson fuselage,wing and verticaltail
pressuredistributions.
O0000001-TSB14
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DATAREDUCTION(Concluded)
VOLUME
NO. CONTENTS
3 Tabulated Force Data
I
Dataset Data type
, RE8055 sourcebalancecoefficients
?
RE8X$$ sourcehinge moment coefficients
L
RE8Y$$ sourcebase pressurecoefficients
KE8055 interpolatedbalancecoefficien(s
adjustedfor cavitypressureand
forebodycoefficients
' EE8D$$ interpolatedbase and cavityarea
FE8D$$ coefficients
GESD$$ interpolatedverticaltail base
area coefficients
TabulatedPressureData
: Fourth
Component C:laracter* PaQe
' 4, 5 orbiterfuselage B
6,7,8 lower wing L 1271
•_ 9,10,11 upper wing U 3147
: 12 upper body flap F 5405
:., 12 lower body flap G 5774
13 speed brake K 6143
13 verticaltail V 6547
* The fourthcharacterin each datasetidentifier(i.e.,XE8B..XX,B for
Fuselage)representsthe individualcomponent.
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TABLE I
REYNOLDSNUMBER DYNAMICPRESSURESTAGNATIONTEMPERATURE
MACHNUMBER (per('Dot,) (p0unds/sq.inch) (deipeesFahrenheit)
• i • _ i u
0.60 4.57 x 106 4.1_ 120
(l.90 3.41 x 106 4.166 120 s
L 1-I0 3.ribx 106 4.166 120
I _ P_R_;x IN6 4.166 120
1.40 2.74 x 106 4.166 120
,. i |
i
_,=
BALANCEUTILIZED: ARC Task MK X_X'Pk
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF , 3000 lbf/gage
:,-.. SF 1500 1bf/qage
AF
PM .._bf "
RM 4000 in-lbfi i le il
YM _. ] 0 _,5,0.0 In-lbf ..
COMMENTS:Maximumnormaland side force dependentupon point of
'_. applIcation
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TABLE III
_AODELDIMENSION,_,LDATA I
MODEL COMPONENT : BODY - B2_
GENERAL DESCRIPTION : Con_'imu_ation ]J,_O_ O_h_t_r e,,,,,,,,l=_/_ .
Nr)TE: B2_ is identical t,oB_ e_ceDt underside of £usela_e has beQL
/
refalred to accept Nil6.I
]_[OD_I_.SCAIX" 0.030 MODEL DRA_ING: _-A00_I£7. Re1_me 12
DRAWING NUMBER' vt.7o.nnmc_n ..nnomn ..P,_m_. _n/,n,?, ..n_ll:5
VLTO-OOOZOA,-OOOU.O§
DIMENSIONS : FULL SCALE MODEL SCALE
LenEth (_,: P_d Sty. X0 ==235),In. 1293.3 38.799
Length (IML: Pwd Sta X =238),In_ 1290.3 38.709
Max Width ((_ Xo = 1528.3), In. _ 7.920
Max Depth (_ X0 = ]._6_), In. 250.0 ?.500
Fineness Ratio O. 26A 0.26/=
Area - Ft2
Max. Cross-Sectional 3AO.88 0.3068 i
Plan form
Wetted
BOSe
34
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t TABLE Ill (Co,Linued)
MODEL COMPONENT :, BODY - B?C
GENERAL DESCRIPTION :_ Co_fi_Luratlon1/_OA/Borb:t_oz('u:,_l__r_:with
:for_rd fuselage R(_ thruster _or,ts a obherwise _n is tdenLieal to
I
B,_&.
' _v i | ,,, iL
NOD,EL,SCALE..0.0_0
DRAWING NUMBER' =_VLTO-OOOI_OA.-O00:]_OB..-OpO_3B....-_..:}_5.-0002o0,
VL70-000205, --006089, -008501, --008502, --008296
DIMENSIONS : FULL SCALE MODEL SCALE
Length (Q_: Pwd 3t,_ X0==235), In. 1293.3 38.799
Length (TMI,: Fwd Sta X0 =238), I,, l_on_ 3 38.709 .......
Max Width (@ X0 = 1528.3), In. _ _._
Max Depth (_ X0 = 1_64), In. 250.0 7.so0
Fineness Ratio _ ____
Area - F%2 . __
Max. Cross-Sectional 3_0.88 0.3068
Planform .....
Wetted .....
Base .
_. _,
,_ • .--_,
'-_',.....,.-.-..._....",::.."",..,. o 0 _-___' """....:"'" "....° ' " " °° " " .... "" "" 00000001-'........ " " TSC 11
,', __o
m
, TABLEIII (Cont'd)
MODELCOMPONENT:..... CANnPY- e,) _
GENERALDESCRIPTION: __9pttg.rat.tnn 3A..__C._r).o___.ae.d with fu_ela_o
2 6.
|i i ii
MODEL SCALE: 0.030 MODEL DWI3: SS-AOOI&.Tt'Release 12
:2,
DRAWING)!UMBER' r VT,?0-0001/_3A .L
DIMENSIONS' FULL SCALE MODELSCALE
Length (X_"/_3/_.6A3 to 578), In. _ /,.301
MaxWidth (,_)XO ==513.127), In. 1.,,_.A12 &.572
Max Depth (@ Xn = /,85.0), In. 2_.00 Or7_O
Fineness Ratio
: Area
Max. Cross-Sectional
E..
Planform .
::" Wetted
:_: Base
/i'!
_ 2
I
........... " t" . "
}i _ --,"- .....
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TABL_ III (Contld)
MODEL COMPONENT _._;!_ON ___
GENERAL DESCRIPTION _6.0 In. F.L;. i:_t},_ m,chJ.ned Into F,_, e/oven.
m,_-i
I
_lt_?er doors cnnt,erbody nSe_',es,__&nd..,Lip_eals are nnt, _tmulated. .,
(Data are for one of two sides.)
Mnl)KL_,CA.I.E.0.0_0
DRAWING NUMBER
DI_,_EtqSIONS FULL SCALE MODEL SCALE
Areo - Ft2 210.0 0.189
i i i
Span (equivalent!, In. 3h9.2 I0.L_76
!nlo'd uqu,volent chord, In. 118.0 3.5&
Outb'd equivalent chord , In. Ss.lq 1.656 ,
Ratio _ovahl_ :,urface ctmrd,
total surface chord
At In.K.'dequiv, chord 0.20_6 . 0.2096
A' Outt_'4 equiv, chord . O.&O0& O.&OOh
Sweep Back Angles0degrees ....
Leadm,qEdge .,U.O0 ,0"00,,
Tro,lm g E,Jge _ - .LO.O56 , . .
Hmgelln,: 0.0 0.0
(Product. of Are_ & _)j
A,ee Mo,,ent ,_l_=lW_wx._l_xJ_te_ ,Pt 158'7.25 O.Oh2.9
Mean Aerod._m_mic Chord. Tn. 90.7 2.721
37
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tTABL_ Ill (Cant'd )
I
MODEL COMPONENT , Rnl)YPIMP- Fo
- i
GENERAL DESCRIPTION . Confi_ur=t,l,m ].hOA/B
iJ _ i
I
_MODI",LSr,,AL_: 0.0,_0
DRAWING NUMBER, . VLVO..OOO1/,O,Rt=000200
DIMENSIONS FULL SCALE MODEL SCALE
Length (Chnrd). In. , 8_..? . 2.5J_1
Max Width , In. 262.308 , 7.869
Max Depth, In. 23.00 _ 0.690
Fineness Ratio
Area - Ft 2 i
Max. Cross-Sectional
P lanform 1J_2.60 O. 128
Wetted
Base &l. 90 0.03?7
00000001-TSC14
TABLE III (Cont'd)
MODEL COMPONENT :, OMS POD - MI_
GENERAL DESCRIPTION: Confi_ur_tJon _40C,orb_i%e_mod - ehort nod.
External contour is to referenced dra_rin_ with 1/2" added to s_mulate
I
TPS.
i!
MnDEL SCALE,: 0.015
DRAWING NUMBER : VLTQ--QoBAoI,-O08&lO
DIMENSIONS FULL SCALE MODEL SCALE
_i Length (OMS Fwd Sta X0 -1310.5),In. 258.50 7.755
= MaxWidth(_XO= 1511),In. _ 13,6,8 4.104
Max Depth (@ X0 = 1511), In. 7&.70 2.2/+1
Fineness Ratio 2-48Lt 2.484 _
Area - F%2
Max. Cross-Sectional 58.86_ , 0.053
Pianform
Wetted - :_i
Base
i
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..... oM:_ TAB,,_n_(to.i'd) ii]
l
..i MODEL SCALE: 0.030
C"
!{_. DP@VZNG NUMBER: VL70-OOOI&OA (Lo_tio_). SS-AOOIO6.__elease 9 (C_.tou_)_
MODEL SCALE
_CH NO.
Length - In.
G1mbal Point to Exit P].ane
Throat Lo Exlt Im_ane
Dim.meter- In.
Exl t
Throat
Inlet
Area - ft2
Exlt
Throat
Glmbal Point (Station) In.
Left Nozzle
XO 1518.O &5.54
 oo - 88,o
Right Nozzles
:(o 1518.o &5.5,_
xo 88.0 2.6_
_92.o _ .z4.76 ._
Null Position - De_. /
Left • Nozzle
_Iteh l_o_, 15oAgt --
¥_w 12017.,
Right Nozz te
m tch 15"&9' .19%9'
Y,w z2"17, . _z__ -.
4o
,_ .,,'-'.:-'_,.o:.... .. ........ CI_ _- _ :_--_-_'_ . ,. o _------._-_--'._ , , ,)_.-....
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TABT._.III (Cant'd)
MODEL COMPONENT., RupD_;R- _,_
GENERAL DESCRIPTION . Conl_l_ur_tlon_J_OCorblter rudder (identi_l to
configuration 1/+OA/B rudder).
i
MODEL SCALE: 0.0_0
• ' DRAWING NUMBER VLVO-O(X)I_6B, -000095
_,; DIMENSIONS FULL SCALE MODEL SCALE
:-_-; Area - Ft2 100;15 0.090
• z,
Span (equivalent), In. 201,00 6.0_0 ,
/ Inb'd equivalent chord, In. 91.585 2.7&8
"T'I
Outb'd equivalent chord, I.n. 50.833 , 1._2_
Ratio movable surface chord/
total surface chord "
At Inb'd equiv, chord Q./,Og O./tO0
At Outb'd equiv, chord O.&O0 O.&O0
SweepBack Angles, degrees /
Leading Edge 3&. 81 3&. 83
Troil,ng Edge 26.25 26.2_ , :
Hingeline 3&.@3 ,, 3_.. 83
(Product of area & _) _-
ii ...... L=---- JL.......... .% F_2 L II lfili O"Area Moment_ , _ -..g.a._L_
Mean Aerodynamic Chord, In. 73.2 2.196
_] _:
,..:'
;-_:'-_"" . % ..o _ "z............... - ,.._ -"-.,.........,°_':'- ,.,__ .. .._: .. %° ,..... o-',o,,°_°_ b.' o°.... :"__ _"_..._q :_.,"_ ° 'i'-_," r,'_, "_ ....
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TABLE III (Cont'd)
I
MODEL COMPONENT: VERTIC;-L - V8
• .[ GENERAL DESCRIPT_0N: . ConfiKur&tion i40C orbiter vert._cal tail.
(Identical to configuration I_OA/B vert$cal tail.)
' MODEL SCALE: O,030
DFJ.._Fr__G NUM_,]R: VL?O-4X)O_I_OC,
D_MENSIONS: FULL SCALE MODEL SCi'LE
TOT/L _TA
Area (Theo) - Ft2
Planfonn h13 •253 O.372
Span (_eo) - In. 31_.72 9.h72
_: ;=peet Ratio 1,67_ L675 _._
Rate of Taper _ 0.507 _.__
Taper Ratio O.&Oh _ __9_z___.-
Sweep-Back An_les_ DeGrees.
Leading Edge &5.000 &5. O(X)
Trallinz Edge 2--6..25 26.25 _
: 0.25 Elemen_ Line _ _--
- Chord_:
Root (Theo) ;v? 268.50 8.055
-_" Tip('_heo):,,_ IQ_._7--____
_" _,C 199.81 _9_- --
_. sty.of .25_,c _ _..
W.P. of .25 MAC 635.52 _Ig_E_;__
B.L. of .25 MAC 0.0 ___
A_rfoil Sect ton
Le_din_ Wedge :,n61e - De_. i0.0 i0.0
Trailing Wedge /,n_le .-Dec. I&.92 _/_9__ ___
Leadinc Edge Radiu._ 2.0 O.06O
Void Area 13.17 0.______i__9.... ,
Blanketed Area 0.0 0_0 _ _
42
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. TABLE I11 (Conl'd)
i MODELCOMPON_T:,W_N.G.-__S,_ _ _.....
't
GENERALDESCRIPTION: Confi_rltion J, .......
NOTE: Ydent.icml to W I, ,. exeeot airfoil thickness. Dihedral anwl@ is alone
, .tra.ili_edge,of win._. ........
.,. MODEL SCALE: 0.030
-- % , • , = , |, |! I III I L ! I •
. T_STNO. OWG.NO.,VLTO-O00._OA,-ooo20o ,
. DIMENSIONS: FULL-SCALE MODELSCALE
TOTAL DATA
Area _Theo.) Ft2
Pla.form 2690.O0 2.It2!
Span (Theo In, • -936.68 28.10 "
Aspec_ Ratio 2.265 :2.265 '
Rate of Taper i.177 - i.17-7-
_: Tape,"Ratio . . o,_X) 0.200
_;_ DihedralAngle,degrees _ },5og,
' IncidenceAngle,degrees Ill 0._00
' _ Aerodynamlc Twist, degrees
Sweep Back Angles,degrees - -
LeadingEdge 4_;.000. 4_;.o00
::: IrallingEdge - 10.,0)6 - i0,0.)6
0.25 Element Line _. 35.209
Chords:
Root (Theo) B.P.O.O. 689._ )o.677 _
Tio, _Theo) B.P. 137.85
MAC .474,s1 .__
FusoSta. of .25 MAC _
W.P. of .Z5 MAC 2go.58_
B.L. of .25 MAC , _
EXPOSEDDATA
z 17 1.5o
Span, (Theo) In. BPIO8 . 720,68 21.620-
Aspect Patio 2.059
Taper Patio ....0.2A5 0.24_
Chords
Root BPlO8 562.09
MAC _ 392.83 11._85
Fus. S_. of .ZSMAc _5.9d _s.s79
W.P. of .2B MAC _.30
B.L. of .25 MAC 251.77 _.555
Airfoil Section (Rock_11ModNASA)XXXX-64
P_ot b - o.113 0"11:3l"
Tio b " 0.120 0.120
__. Ill
T I I L
'" Data for (1) of (2) Sides
LeadingEdge Cuff 2
P_an_orm Area Ft _
LeadingEdge 2n_ersects _USM. L. @ Sta _L_O.O_
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BODT FlAP DEFLECTIONS
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b. Definitionof AngularMeasurements
j FigureI. - Corttinued.
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]: c. ElevonHinge MomentSign Convention
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APPENDIX
VOLUME
NO. CONTENTS PAGES
3 TABULATEDFORCE DATA 1-723
TABULATEDPRESSUREDATA
COMPONENT
4, 5 Orbiterfuselage 1-1270
6, 7, 8 (Note) Lower wing 1271-3146
9, lO, II (Note) Upperwing 3147- 5404
12 Upper body flap 5405-5773
12 Lower body flap 5774-6142
13 Speed brake 6143-6546
13 Verticaltail 6547-7114
Note: Data tabulatedat 2Y/BW = .673,X/CW = .775, .850, .950 & l.O0
were actuallylocatedat 2Y/BW = .641, X/CW = .775,.850,.950
& l.OO as shown in Table V on page 47.
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